This study aims to calculate eyelid area to classify eye condition become awake or drowsy as the initial stage of a drowsiness detection system. This work used 40x95 matrix of 500 single eye images from 4 respondents. The input image will be processed into brightness enhancement, grayscaling, thresholding and eyelid area measurement. The problem of thresholding process was to determine the optimal threshold value that can be used on images with different intensities. Brightness enhancement modification is proposed to equalize the intensity histogram value of the input image based on the reference image. Threshold value based on this modification can be used as optimal threshold value. With this optimal threshold value, the eye condition classification results show that average accuracy achieved 93.5%.
INTRODUCTION
Global Status Report on Road Safety WHO in 2015 stated that Indonesia is the fifth country with the most number of deaths caused by traffic accidents [1] . Where 30% of the traffic accidents causes is fatigue and sleepiness [2] . One indication of the fatigue and sleepy driver is frequently blinking [3] . Therefore, the research on the detection of eye condition for classify sleepy driver becomes the attention of researchers in the field of Intelligence Transportation System (ITS).
Sabet et.al. used Binary Pattern (LBP) method to extract the characteristics of the eye and Support Vector Machine (SVM) method to classify the eye conditions [4] . That study was able to detect the blink of an eye with an accuracy of 98.4%. While Selvakumar et al. classified the eye conditions with Partial Least Squares (PLS) method after doing feature extraction with Local Binary Pattern Histogram (LBPH) [5] . The accuracy rate of eye classification expressed with a value of PERCLOS. In addition to feature extraction and classification method, processing image is an important stage in detecting eye conditions in order to obtain better and same image quality which can consist of one or more processes.
This study focuses on the preprocessing to detect eyelid area that will be used as the drowsiness detection parameters. Because the quality of the input image is not the same, there will be three stages in the preprocessing, namely the brightness enhancement, grayscaling and thresholding.
The threshold values in image segmentation are varied depending on pixel intensities after grayscaling process. The most important step in thresholding process is to determine the optimal threshold value [6] . Several methods usually used were histogram thresholding, global thresholding and local thresholding [7] - [9] . Based on these researches, threshold value can be determined by the image histogram analysis and always different for each input image depends on the intensity histogram. An image consists of bright objects on a dark background, its histogram intensity level can be grouped into two for objects extraction [8] .
Therefore, this work proposes the addition of brightness enhancement modification process in order to obtain a threshold value for all of the input images. Brightness enhancement method is image enhancement that is often used in the preprocessing stage. With a brightness enhancement process prior to the thresholding, one threshold value can work optimally for eyes image segmentation. This paper is organized as follows: the following section is proposed method. This section describes modified algorithm of brightness enhancement, basic knowledge of grayscaling and thresholding, and eyelid area measurement method. Section 3 provides the experimental results and discussion. The conclusion is drawn in section 4.
PROPOSED METHOD
This paper describes an initial step in driver drowsiness detection system, where the output eyelid area becomes input parameters. Training process used 40x95 matrix of 300 single eye images from 4 respondents in a state of awake and drowsy. The design of the proposed system is shown in Fig. 1 as follows.
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Brightness Enhancement
Brightness enhancement is an improvement method of brightness levels of an image by adding or subtracting a constant value to each pixel in the image which can be expressed by the point processing equation for grayscale images as
where g(x,y) is a new pixel value from brightness enhancement result, f(x,y) is an original pixel value, b is a constant that will change the brightness level of each pixel at the point (x,y) in the image [10] . The addition of the image pixel value (if b is positive) caused the visual display of the image becomes brighter. The reduction of the image pixel value (if b is negative) caused the visual display of the image becomes darker.
Brightness enhancement in this work used to equalize the intensity of RGB values of each eye image data. An eye image used to be reference image that will be followed its RGB intensity in brightness enhancement process. The pixel value of brighter image will be reduced, while the pixel value of darker image will be added. Brightness enhancement method was modified on the constant selecting process for RGB images depend on the intensity of the input image and will be calculated automatically by the system. The algorithm is described as follows.
Algorithm 1
Step 1: Let A as an input of the RGB image with the matrix size of m x n.
Step 2: Check the RGB mean value of A, to obtain: Step 5: Make a brightness enhancement process by the formula: 
Grayscaling
Grayscaling is a process of converting RGB image into grayscale image. Pixels on grayscale image range from 0 to 255. Pixels with low intensity values has a value of 0 or black. The lower the intensity value of an image, the visual display is getting darker. Pixel with the highest intensity values has a value of 255 or white. The higher the intensity value of an image, the visual display is getting brighter. The formula used for grayscaling is
where the value of wr = 0.299, wg = 0.587, and wb = 0.144 based on NTSC (National Television System Committee) [11] . Ig is the grayscale image.
Thresholding
Thresholding or binarization is a process of converting grayscale image into a binary image. The equation used is
where It is the binary image and (x,y) is the position of each pixel [8] . If the image pixel value of Ig(x,y) is higher than the threshold value (T) so the pixel will be changed into white color and the value becomes 1. If the image pixel value of Ig(x,y) is same or at the level below the threshold value so the pixel will be changed into black color and the value becomes 0.
Eyelid Area Measurement
The equation for eyelid area measurement is
where, go(x,y) is the pixel whose the value is same or below T.
The purpose of E measurement is to be used as the parameter of eye classification into two conditions namely awake and drowsy. It is assumed that E value of drowsy condition is smaller than awake condition.
RESULT & DISCUSSION
The reference image is shown in Fig. 2 . While the image histogram intensity is shown in Fig. 3 . 
SECTIONS
The value of eyelid area (E) can be seen in Table I . The maximum area (Emax) and minimum value (Emin) of each respondents become the base value to determine eyelid area possibility as shown in Table II . The validation of area specified in Table I was the cross check result from observed respondents. Every observed image was validated directly by the respondent that the condition was not sleepy (awake) or sleepy (drowsy). Based on the rules of linear equations, each respondent will be multiplied by the coefficient (X) according to the following equation.
so that
The result of training process (k) is a mean value of X from all awake respondents for testing process as expressed by
The testing process used 200 eye images that consist 50 images of each respondent. The accuracy was calculated in (8) and the result was shown in Table III . 
CONCLUSION
The most important in the drowsiness detection system is the accuracy of eye condition classification. In this paper, eyelid area was used as parameter for classification process. The thresholding method was used in preprocessing before eyelid area measurement. The problem of thresholding is determine optimal threshold value. In order to obtain a threshold value for all of the input images, the brightness enhancement modification method has been done in this work. The optimal threshold value was gained at 90, where this value was used for testing process with average of the accuracy was 93,5%. This result showed that the proposed method in this paper can be used to measure eyelid area in the driver drowsiness detection system. Future research will consider for online and automatic drowsiness detection system through on mobile application.
